Searching PAJ 



1/1 ^— V 



PATENT ABSTRACTS OF 



JAPAN 




(1 1 publication number : 

(43)Date of publication of application 



06-107462 
19 04.1994 



(51)Int.CI 



C04B 35/48 
H01B 1/06 
H01M 8/02 
H01 M 8/12 



(21) Application number : 04-334507 

(22) Date of filing : 15.12.1992 



(71) Applicant 

(72) Inventor : 



ISHH TAKAO 
IWATA TSUNEKAZU 
TAJIMA YUKIMICHI 



NIPPON TELEGR & TELEPH CORP <NTT> 



(30)Priority 

Priority number : 04215303 Priority date : 12.08.1992 Priority country : JP 



(54) OXIDE ION CONDUCTIVE BODY AND SOUD FUEL CELL 

(57)Abstract: 

PURPOSE: To obtain an oxide ion conductive body having high ion conductivity and high mechanical strength against heat cycle by 
adding Sc as a main dopant and A) as a sub dopant in a specific range. 

CONSTITUTION: A raw material is prepared to mix in accordance with a chemical composition expressed by a formula (l-x-y)Zr02- 
xSc203-yAI203 (where, 0.07<(x+y)<0.1 3 and 0.005<y<0.02), is molded into a pellet having a prescribed size and is fired in air at about 
1620° C for about 60 hours to form the oxygen ion conductive body. The oxygen conductive body contains Sc as the main dopant 
Since the ion radius of Sc is closer to that of Zr, the oxide ion easily moves then Y203 stabilized ZrQ2 (YSZ), extremely large ion 
conductivity is attained at a lower temp, compared with YSZ. And Al stable in trivalent is added as the sub dopant As a result, the ion 
conductivity keeps almost the property of Sc and the crystal structure stable in hexagonal system does not exhibit crystal 
transformation. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the examiner's 

decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



13.10.1998 
08 052001 



3460727 
15 08 2003 
2001-09528 
07.06.2001 



http://www1 9.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAVxaqKSDA4061 07462P1.htm 



2006/06/13 



(19)H*H*SiWf (J P) 



02) & m fF ^ $g (A) 



#1^6-107462 

(4S)&mB 5ff& 6 ¥(1994) AH 19 B 



(5i)intci. 5 f&suie^ jf i*i£SiH§- f i &a*R*tgis 

C 0 4 B 35/48 B 

H 0 1 B 1/06 A 7244-5G 

HO 1M 8/02 E 8821 -4K 

8/12 8821 -4K 



ass* mm* mmmomidk g jd 



(21)ttJl»^ 


!|$gI¥4-334507 


(71)£BIA 


000004226 










B**m«g«^a. 




(22) mil 0 


4 ¥(1992)12^150 




lg*3l3¥ftfflEft^-TB li 








(72)^^ 






(31)«5fcH±S8#^ 


!|fS!¥4-215303 




m^TftBBEF^IBJ 1 TB 1 i 




(32)1f5fc0 


¥4(1992) 8)1120 








(33)H5feli±.5SH 


0* (J P) 




sea fi*o 










Jg^a^fSfflEl^HT 1 TB 1 1 


I6^B* 
















C72)^bj^ 


rat mm. 










M^'ffim^mm 1 TB 1 1 


16^0* 
















(74)ftyiA 







(54) [$W1©43M HfeX^vag^JUFBWHRStt! 



(57) Qg»] 

immi #589314, (l-x-y) ZrOi-xSci 
Os — y A 1 2 Os ftSfflfS^J: D &3 C h*m®Lt? 
2> 0 



LaCrOs 



4 >f^-3*^^- 



Ni-ZrOa 



0.88Zra- O.llSScaOa - O.OOSAldO* 



LaAaoSiauMnOa 




(2) 

1 

[ffsRiMl] (l-x-y) ZrOi-xSczOi- 

[11*52] (1 -x-y) Z r O2-X S C2O3- 
yAl 2 Os (0. 07^x + y^0. 13*00. 00 
5^y^0. 0 2) 1t&1BlS!b&*)1t*Z.t1ttimk* 

zn&m i tEKoiW'f *>»e»o 

[!Mc«3] (l-x-y) ZrOz-xSczOi- 
y A 1 2 03 4Sffl^*^-T5ll*-r*>»e(*:*Hft« 10 

[fg:£S4] (l-x-y) ZrOi-xSciOj- 
yAhO s (0. 07^x + y^0. 13*00. 00 

5 < y < o. 02) ft*aa*#r*i»-i'*vweft 

[f^oPfflSM] 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] Hft*»Iffl«©iili: LTf *1 
ffcZ r 0 2 (Y S Z) £fc^T+#&^ 30 

sea i o o oroftfii!ifF*^MTfe§o 
[0 0 0 4] LfrU c©£o&i&ST"««iWffi2:© 

ft«jS*^«mae*Ttf « c a*<ai5n*ofe«>Y s 
z «fc d iSW#y£*g©^*y#£Wft©fflSt*W 

[0005] -mc>?}i>=i-7?k<Dmm^*ym&fov 

Z r 0 2 - S c 2 0 3 ^«>>Vl/3-7^T-»feiSV^^-> 
[0 0 0 6] LfrU K-^hOlWnfcfcfcfclSitMII 



#P¥6- 1 0 7 4 6 2 

2 

[0 0 0 7] 

imatm&LZo t-tzwm *$8hb«y szwt^ 
T-r*>«i*3W«< , ^i4:«ifHHft©iaTfo«BeaE 
set, mnmm<Dmwmnthx^mm 
±mnsm%mM * ymmjmmwmmwmm®. 

[0 0 0 8] 

folt, (1 — x — y) Z r O2 — x S C2 Os — y A 1 2 0 

[0009] $ it, i^nimmRwm. c 1 - x 

-y) Z r 02 -x S caOa-yA 1 2 0 3 &£>ffljjSt.£ 9 

[0 0 10] i& ±IB©J:5*WIS-f*>»efttta« 
[0 0 1 1] 

[0 0 1Z]#SffltB, *f, ZrO^SciOil 

[0013] K-^h©«inii:i:fcfc*Sli 
«Bfitt*«a-«iii#-4*Sfcaft: U $ * yfe 

D if ^S^Sfb^nftVo S 6 C 6 5 0 °C&L±.Xl*u. 
IM^HciSMai (HMD fcflSjBcrfc©****: 
[0 0 1 4] *ilT\ *»*»*«fflB«ftR± 

[0015] sfc, «^©mw&a*i«ireic*t>T % 

[0 0 16]^CT\ ^P.KH»*SfefcfcC5, Sc 
[0 0 17] ±H-^>hTJB*S cfcBIK- 

[0 0 18] *%fm (l-x-y) ZrOi-x 



(3) 



6- 1 0 7 4 6 2 



S c i Ch - y A 1 2 Os £ D *§#S%ffiV>§o 

[0 0 19] T&fr-^ *3SiCJ:oT#5n5^ 

*ym&mt, ±H-^yhtLTs c*^#r*. s 

[0 0 2 0] $fc, *feHj!Tii, 3«*«&A 1 %p| 

[0 0 2 1]£&G, ^mMVlt, 0. 0 7^x+y< 
0. 1 3frO0. 0 0 5^y^0. 0 2 fcTSo frfrS 

[0 0 2 2] $fc#5BI!IEtB\ #389!© Z r O2-S C2 
0s-A liOi$®ffiftgfraff&?*k:IBU 



£ IT, Si 0 2 £'>»g5fin L/c^atC t-f ^ >{g«a 
10 0 2 3] £A±.<D£ ; o%;M1$,£?5Z.£Iz£-dT, « 

[0 0 2 4] 

[0 0 2 5] »J1) 

(1-x-y) Z r Oz — x S c 2 0:i — y A 1 2 0:< (0 
<x + y<0. 16frOx>0, y>0) ^Iltit 

*m 

0 . 88Zr0 2 -0. 1 15SC2 0 3 -0 . 005Ah 0 3 
0 . 88Zr0 2 -0. lOSca 0 3 -0 . 02A1 2 0 3 
0 . 88Zr0 2 -0 . 08Sc 2 O3 -0 . 04AL 0 3 
0 . 88Zr 02 -0 . 06SC2 O3 -0 . 06A 1 2 O3 
0 . 88Zr O2 -0 . 04SC2 O3 -0 . 08A 1 2 O3 
0 . 88Zr O2 -0 . 02SC2 Os -0 . 1 OA 1 2 0 3 
[0 0 3 0] (MMM 2 ) 

(1-x-y) ZrOi-xSciOi-yAhO 
3 (0. 07<x + y<0. 1 3^00. 0 0 5<y< 

0. 02) *m 2 K^titmrnTm^LM^ +#g 

^•U 2 Omm0fS2mm©^W MCfiESLfcfe© 
^162 O'COSfiTS^ff 6 OWBSbS^ffoT'T* 

K»o4iaffl*»5itx«iiasfTiw 



* KC^U:fe©% 1 6 2 0°C<Dfifil?^ 

^-r>tf-^>X^-^E<fct), 10Hz~lMHz© 

[002 6] H1C0. 8 8ZrOi-0. 115Sc 2 
Oa-0. 0 0 5 A 1 2 0 3 (DW&<DmMfcl3tf%XMm 
tntmft^t (HI (a) ) o W, MF-^yF^S 
10 *V0.8 8ZrO 2 -0. 1 2 S c 2 O3 ©i§-£t>^t" (0 

1 (b) ) o F*->^F*£3:fcl^^ SSTttSiG 

£6 5 oic^jfi-piwafcte^rso l^u mf-^ 
[0027] m2icj*yim&<D'ummft\iz*t 0 

A 1 2 Os L"tV&V , > 0 . 8 8ZrO 2 -0. 12 
S c 2 03 -e«g B E l«3g£D *B(B*tfctftW*>©i 

s««ieB^f*jS^=RttttticSft-r* (0 2 

20 (b) ) o A 1 z OzZmuLtcO. 8 8ZrO 2 -0. 
II5SC2O3-O. 005A liOs-Zit-fXy&M 

mimim.mm%7 v u **<e>8m&£k#»§e3-s (a 

2 (a) ) o A 1 2 Oa % H-yiftipt't 8 0 0 °CT? 
8. 9xl0" 2 ohm" cm i:«nfcY^>fE*tt 

[0 0 2 8] WTHBKKLTjH£Lfc8 0 0tTO-i** 

yfi3ijs©^s%a 1 e^-To v^-rn<o*&t> 8 0 0 °C 
EfcfrSYS z©f2x 1 o 2 j;»)flV^*yiS#fi* 

30 fco 

[0 0 2 9] SaSB&tJfcLTS i O2 



(ohm cm ) 
8.8X10" 2 
7.1X10" 2 
6.2X10" 2 
5.1 X10" 2 
4.8X10" 2 
2.2X10" 2 

10Hz~lMHz ©ja&i!l?X-r-7 P Lfdt, -T 
[ 0 0 3 1 ] filj F-^y F A 1 2 0 3 IZ «fc 0 ^ B B s «jgttS 

[0 0 3 2] 0. 0 0 5^y^0. 0 2 tC*5V^T{i, V> 
50 -rn©^^ 8 0 QiCEfctf^YS ZOI2X1 0" 2 £ 



(4) 



#JH¥- 6- 1 0 7 4 6 2 



[0 0 3 4] (I 
(1-x-y) Z 



[0 0 3 3] *45, aaeffirtteLTS i 0 2 £'>«gSn 

0 . 88Zr Oz-O.ll 5Sc 2 0 3 -0 . OOSAh 0 3 
0 . 88Zr O2 -0 . 1 lOScz 0 3 -0 . 010AL 0 3 
0 . 88Zr O2 -0 .. 105Sc 2 0 3 -0 . 015Ah 0 3 
0 . 88Zr O2 -0 . IOOSC2 0 3 -0 . 020Ah 0 3 
0 . 88Zr O2 -0 . 095Sc 2 0. -0 . 025A1 2 0 3 
fW3) 

r O2 -x S cz 0 3 -y A 1 2 0 3 (0 
<x + y<0. 16*Ox>0, y>0) %&3K&& ' 
ft^ffllETE^Lfe*, -h^fi^U 20mm*SS2 
Mcj$S!Lfcfe©* 1 6 2 0"C©fifi^ 
**6 0WIH^*ffoT>f*y»e(**ff«Lfeo fit 

^yH 0 -^yX^-^^j:D. 10Hz~lMHzO 
otlSL/co *20 

*»* 

0 . 96Zr O2 -0 . 02Sc-2 0. -0 . 02Ah 0* 
0 . 94Zr O2 -0 04SC2 0 3 -0 . 02A 1 2 0 3 
0 . 92Zr O2 -0 .. O6SC2 0 3 -0 .. 02AL 0 3 
0 . 90Zr O2 -0 . 08Sc 2 0 3 -0 ,. 02Ah 0 3 
0 . 88Zr O2 -0 . 1 0Sc 2 0 3 -0 . 02A1 2 0 3 
0 . 86Zr O2 -0 . 12Sc z 0 3 -0 . 02Ah 0 3 
0 . 84Zr O2 -0 . 14Sc 2 0 3 -0 . 02Ah 0 3 

[0 0 3 7] 

(1-x-y) Z r O2 — x S c 2 Ch — y A 1 2 O 
■a (0. 07^x + y^0. 1 3^00. 0 0 5^y^ 
0. 0 2) **4C^fb*fifiRTfE^Lfc«. -Mfr8 
§U 2 0mm(()S?2mni(D^l/7 bfcjRS!LfcfcE> 
£16 2 0^OfiS^«*6 O^MJfeK*ffoT>r* 

D> 1 OHz-lMHzOMSaR-eX-f-^bfcflk, >f 

S4 

0 . 93Zr O2 -0 . 065SC2 0 3 -0 . OOSAh 0s 
0 . 92Zr O2 -0 , 075SC2 0 3 -0 OOSAh 0 3 
0 ., 91Zr O2 -0 . 085SC2 0 3 -0 . 005Ah 0 3 
0 . 90Zr0 2 -0 . 095SC2 0 3 -0 . OOSAh 0 3 
0 . 89Zr O2 -0 . 105Sc 2 0 3 -0 . OOSAh 0 3 
0 . 88Zr O2 -0 . 1 15SC2 0 3 -0 . 005Ah 0 3 
0 . 87Zr O2 -0 . 1 25SC2 0 3 -0 . OOSAh Os 
0 . 86Zr O2 -0 . 1 35SC2 0s -0 . 005Ah 0 3 
[0 0 4 0] (HSS0J5) B3tt#»lfl0*m*ffiV\fe 50 



jgig^(ohirf cm" ) 
8.9X10"' 
8.6X10" 2 
8.3X10" 2 
8.1X10" 2 
5.7X10" 2 

* [0 0 3 5] BIF-^yhA lzOsfciDJSIMSiifciS 

/co mmmi tfmichxm&hits o o o ct^*> 

e»JBO|g«*a3K:^fo x + y<0. 16T88 0 
Ott6&5YS Z<D{g2 X 1 O" 2 ±!5]SV^>r*>fiSI 

[0036] saeffia-fcLr s i o 2 ^>«^n 



fg^^ (ohm" cm ) 
2.4X10" 2 
3,.1X10" 2 
6.2X10" 2 
7.3X10" 2 
7.1X10" 2 
2.4X10" 2 
2.1X10" 2 

30* [0 0 3 8] H K-;^b A I2 OsfciO $SIb*i§&S 

fco ^»Jl fcRlttK:LTj|IISL/fc8 O 0°CT^*^ 
e»«(OlS«*a4K^t"o 0. 0 7^x + y^0. 1 
3Ttt8 0 0lCt*»SYSZ<Dl2X 1 0" 2 J;D3fg 

[0 0 3 9] 433, 'immUtLZS i 02«4*X2N 



f5*^(ohm l cm ) 

6..8X10" 2 

7.5X10" 2 

8.8X10" 2 
10.3 X10" 2 
10.6X10" 2 

8.9X10" 2 

7.2X10" 2 

5.9X10" 2 



(5) 



#!W-6- 1 0 7 4 6 2 



mnmt LTtt S r £ F-7°Uc L a M n Cb »S 
«»CfJN i -Z r Ch£\ -^y^— U^^—HHtL 
a C r Os%fflV>fco ¥-fe;V©ftJ*£tttt*<D 
fe^o if S r4K-AftLaMn03%5if(01ffi 

* £ -7" U- Fffifc «fc D @tidt# HO-fe 75 7^X11 
Wl 6 0 0TC1?«E*±tf*. &*5s JBftmffifttf-Y 
y^nW^MMWffiHnfni 3 10 
0 0°C18£Z$ 1 2 0 OICTjfejgLTf^So 

[0041] mc* *mmm<D%$k%Mi£m-?K?o m 

3 fcfe^T, 1 aiCflSW 3 ©JJ&£ 1 m 

mtU @f**»K2(Djp*%0. 1 mmi:U -fV^ 
— rnij^^ — <D%h-^t 1 mmtU 2 Omm0CD^-tr;l/ 
£ffM Lfco SfttUBS 2 OftW 0 . 8 8 Z r 0 2 - 
0. 1 1 5SC2O3-O. 0 0 5 A 1 2 O3 ©if-a-CDHz 
-SmHH^8 0 0°Ctfett§¥-tr^©«M OtSlHB 
g) -*E#tt£rH 4 tC^f o YSZfl|©ffi»^Jt«0 



[0 0 4 2] 

[%HJ3©?i)«] «±S4Wbfc* O fc, Z1O2 S C 2 0 

2 h«DI*t J: 9fi£3|yBv^SnT^*ll*-i'* 

y«fEftY S Z Cjfc*T»4fiffle»S*tf U Lfrfc 

* H/KSW S tittt < ffiiBfc 43 «■ 5 iS«*© 

[HI] (a) 0 . 88Zr O2 -0.11 5Sc 2 0 3 -0 ., 005 Al 1 0 3 (b) 0 ., 88Z 
r 0 2 -0 „ 12Scz O3 <D XJfigmSf Hff^o 

[0 2] (a)0.88Zr02-0.115Sc 2 0 3 -0.005Al 2 03 (b)0.88Z 
r Oz -0 . 12Sc 2 0 3 # yfcmAo 

[03] S»^j5^*^;l/^aftM«»tD«^B!o 

[0 4 ] mmm 5 ©**;i/©«m-*ee^Ho 



[01] 


(a) 






_.. 1 


1 


!, , 


1. 


20 


40 
26 


60 


(b) 






1 1 




. j . .. I 




20 


40 

28 


60 



[H2] 



10 U r 



= (a) 



10" 



-10* 



10- 3 



10" 



10" 



I 11 1 1 I 



T — 1 — 1 — I— ! 



1 .,..».■■. 1 . ■ 



0,8 0,9 1 1.1 1.2 1.3 

1000/T <K" 1 ) 



10" 
10" 1 

10- 2 

1c- 3 
10- 4 



10 



,-5 



r - r \ i { ■ ■»■ 1 i — i — | i i 1 j 1 1 i 1 1 ; 1 

(b) 



1 



0.8 0.9 1 1.1 1.2 1.3 

1000/T (K* 1 ) 



^¥•6- 1 0 7 4 6 2 



[03] 



LaCr0 3 



Ni - ZrOa 



0.88ZrO 2 - 0.115Sc 2 O 3 - 0.005Al 2 O a 



Lao.soSro4oMnOa 



4 — 



— 2 m^mmm 



[04] 



1.2 r i » i | i i — r | i i i ; i i i [ i — i — 



0.2 




* » ■ » 1 » -■ -i. i i i » I i i i I i i i 



0 0.2 0.4 0.6 0.8 1 1.2 

«SE*«/Acnr 2 



JP,06-J07462,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (1-x-y) The oxygen ionic conductor characterized by consisting of a constituent which becomes Zr02- 
xSc203-yA1203. 

[Claim 2] (1-x-y) Zr02-xSc203-yAl 203 (0.07 <=x+y<=0.13 and 0.005<=y<=0.02) - the oxygen ionic conductor 
according to claim 1 char acterized by consisting of a constituent. 

[Claim 3] (1-x-y) The solid fuel cell characterized by using the oxygen ionic conductor which has the presentation 
which becomes Zr02-xSc203-yA1203 as a solid electrolyte. 

[Claim 4] (1-x-y) Zr02-xSc203-yAl 203 (0.07 <=x+y<-0.13 and 0.005<=y<=0.02) - the solid fuel cell according to 
claim 3 characterized by using the oxygen ionic conductor which has a presentation as a solid electrolyte. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an oxygen ionic conductor and a solid fuel cell. 
[0002] 

[Description of the Prior Art] In recent years, an interest is increasing in the solid electrolyte fuel cell using an oxygen 
ionic conductor. From a viewpoint especially of a deployment of energy, the solid fuel cell has the features which do 
not receive constr aint of the Carnot efficiency and which were [ expect / essentially have a high energy conversion 
efficiency and / still better environmental preservation ] excellent. 

[0003] 1000-degree C elevated-temperature actuation is required to obtain sufficient ionic conductivity in the 20Y3 
stabilization Zr02 (YSZ) which is the oxygen ionic conductor by which promising ** has been conventionally carried 
out most as an electrolyte of a solid electrolyte fuel cell. 

[0004] However, at such an elevated temper ature, degradation of the components life by the reaction with an electr ode 
interface is intense, therefore the present condition is that utilization of a solid fuel cell is behind. To lower operating 
temperature fr om such a viewpoint is desired, ther efore an appearance of the ion **** ingredient of ionic conductivity 
higher than YSZ is desired. 

[0005] Generally, by the oxygen ionic conductor of a zirconia system, there is an inclination for ionic conductivity to 
go up, so that the ionic radius of a dopant becomes small. This is because the activation energy of the oxygen ion which 
can move becomes small, when the ionic radius of a dopant approaches the ionic radius of Zr4+. In fact, it is known 
that 20Zr02-Sc3 system has the highest ionic conductivity by the zirconia system. 

[0006] However, with the increment in a dopant, in the field in which the crystal structure changes to a monoclinic 
system-rhombohedron-cubic, and ionic conductivity takes the greatest value, rhombohedron becomes stable at a room 
temperature, and a cubic is not stabilized. Above 650 more degrees C, it becomes practically impossible to cause 
destruction by the heat cycle, in order to carry out tectofacies transition at a cubic, and to use it as a solid electrolyte 
ingredient. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention - YSZ - a ratio - BE ** ionic conductivity is high, there is 
no structure transformation between a room temperature and operating temperature, and it aims at offering the 
practically still more nearly usable oxygen ionic conductor also as a solid electrolyte of a fuel cell, and a solid fuel cell. 
[0008] 

[Means for Solving the Problem] The oxygen ionic conductor of this invention is ZrO(l-x-y)2-xSc203-yAl 203. It is 
characterized by consisting of a presentation. 

[0009] Moreover, the solid fuel cell of this invention is characterized by using the oxygen ionic conductor which 
consists of a presentation which becomes ZrO(l-x-y)2-xSc203-yA1203 as a solid electrolyte. 

[0010] In addition, the above oxygen ionic conductors are obtained with the sintering process by the usual solid phase 

reaction. 

[0011] 

[Function] It explains with the knowledge which obtained [ acting this invention and ] this invention on the occasion of 
the following. 

[0012] this invention person solved the cause of in why exfoliation between electrodes arises, when it was first used for 
a fuel cell, having used the ionic conductor of 20Zr02-Sc3 system as the solid electrolyte. Consequently, exfoliation 
acquired knowledge that it will be generated for the following reasons. 

[0013] That is, with the increment in a dopant, in the field in which the crystal structure changes with a monoclinic 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/22/2006 
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system-rhombohedron-cubic, and ionic conductivity takes the greatest value, rhombohedron becomes stable at a room 
temperature and a cubic is not stabilized. Above 650 more degrees C, in order to change structurally to a cubic, based 
on a difference of coefficient of thermal expansion, it is thought that it is what causes the destruction (exfoliation) by 
the heat cycle. 

[0014] Then, many experiments were repeated and this invention person did the original idea pursuit so that he may 
search for the means for preventing this phase transformation. However, I hear that it must make ionic conductivity 
higher than YSZ hold, and there is while it is inadequate just to prevent a phase transformation as for the point of 
having required cautions and it can prevent a phase transformation. 

[0015] Moreover, in the process in which many experiments are repeated, it found out that the phase structure 
stabilized when the subdopant other than Sc was added is acquired, and this invention person may show high ionic 
conductivity. 

[0016] Then, when the experiment was repeated further, and a part of Sc was permuted with aluminum with trivalent 
[ stable ], the knowledge of cubic structure being stabilized and being acquired was carried out. 

[0017] Furthermore, the desirable thing was solved when Sc which is the main dopant, and the factor whose sum total 
content of a subdopant is one are made, and it was an addition within a certain limited limits, and obtaining still higher 
conductivity. 

[0018] In this invention, the ingredient which consists of a presentation which becomes ZrO(l-x-y)2-xSc203-yA1203 
is used. 

[0019] That is, the oxygen ionic conductor obtained by this invention contains Sc as a main dopant. Since the ionic 
r adius of Sc is close to Zr, it is easy to move oxygen ion from YSZ. for this reason, YSZ ~ a r atio — remarkable big 
ionic conductivity is realizable by BE ****** 

[0020] Moreover, in this invention, aluminum with trivalent [ stable ] is added as a subdopant. this subdopant — ionic 
conductivity ~ almost — the property of Sc — holding ~ in addition — and the crystal structure is stabilized by the cubic 
and the crystal transformation in an elevated temperature does not appear. In this case, aluminum 203 is working as 
control of a crystal transformation as general sintering assistant **. 

[0021] Furthermore, it is referred to as 0.07 <=x+y<=0.13 and 0.005<=y<=0.02 in this invention. There are no 
addition, then phase transformation in this limited range, and the oxygen ionic conductor which has still higher ionic 
conductivity is obtained. 

[0022] Moreover, although ionic conductivity decreased slightly also when this invention person faced producing the 
sintered compact of 20Zr02-Sc203-aluminum3 system of this invention and little addition of Si02 was carried out as 
sintering assistant **, not changing also solved the relative effectiveness. 

[0023] By considering as the above configurations, the strong (for example, exfoliation with an electrode does not 

arise) ingredient of high ionic conductivity and the mechanical strength to a heat cycle is r ealizable. 

[0024] 

[Example] The example of this invention is explained below. In addition, although it is natural, this invention is not 
limited to the following examples. 
[0025] (Example 1) 

(1-x-y) After blending Zr02-xSc203-yAl 203 (0<x+y0 <0.16 and x> 0, y>) with the chemical composition shown in 
Table 1, it mixed enough, baking was per formed for what was cast to ** let with a 20mmphi thickness of 2mm at the 
temperature of 1620 degrees C for 60 hours in air, and the ionic conductor was produced. After identifying the 
generation phase of a sample by the powder X diffraction and carrying out the sweep of the ionic conductivity on the 
frequency of 10Hz - 1MHz with an impedance meter, it measured by performing an impedance plot. 
[0026] The X-ray diffraction pattern in the room temperature in the case of 0.88ZrO(s)2-0.1 15Sc2O3-0.005aluminum 
203 is shown in drawing 1 ( drawin g 1 (a)). In addition, also in 0.88ZrO(s)2-0.12Sc 203 which does not contain a 
subdopant, it is shown ( drawing 1 (b)). When a dopant is not included, at a room temperature, a rhombohedron phase 
is obtained as a single phase. However, if temperature is raised, it will transfer to a cubic near 650 degree C. However, 
it turns out that the cubic is stabilized by addition of a subdopant. 

[0027] The temperature dependence of ionic conductivity is shown in drawing 2 . At 0.88ZrO(s)2-0.12Sc 203 which 
has not added aluminum 203, it is the crystal structure. In connection with phase transition, ionic conductivity changes 
nonsequetially near transition temperature ( drawing 2 (b)). Ionic conductivity is mostly satisfied with 0.88ZrO2- 
0.1 15Sc2O3-0.005A 1 203 which added aluminum 203 of the relation of almost linear ARERIUSU ( drawing 2 (a)). 
Even when aluminum 203 is doped, the outstanding ion conductivity is indicated to be 8.9xl0-2ohm-l cm-1 at 800 
degrees C. 

[0028] The result of 800 degrees C [ which was measured like the following ] ionic conductivity is shown in Table 1. 
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The ionic conductivity higher than value 2x10-2 of YSZ in 800 degrees C in any case was shown, and, as for the crystal 
structure, the cubic was stabilized to the room temperature. 

[0029] In addition, although ionic conductivity decreases slightly also when little addition of Si02 is carried out as 
sintering assistant **, the relative effectiveness does not change. 
Table 1 Ingredient Conductivity (ohm-lcm-1) 

0. 88ZrO2-0.115Sc2O3-0.005 Aluminum 203 8.8xl0-20.88ZrO2-0.10Sc2O3-0.02aluminum 203 7.1xl0-20.88ZrO2- 
0.08Sc2O3-0.04aluminum 203 6.2xl0-20.88ZrO2-0.06Sc2O3-0.06aluminum 203 5.1xl0-20.88ZrO2-0.04Sc2O3- 
0.08aluminum 203 4.8xl0-20.88ZrO2-0.02Sc2O3-0.10aluminum2O3 2.2xl0-2[0030] (Example 2) 
(1-x-y) After blending Zr02-xSc203-yAl 203 (0.07 <=x+y<=0.13 and 0.005<=y<-0.02) with the chemical 
composition shown in Table 2, it mixed enough, baking was performed for what was cast to ** let with a 20mmphi 
thickness of 2mm at the temperature of 1620 degrees C for 60 hours in air, and the ionic conductor was produced. After 
identifying the generation phase of a sample by the powder X diffraction and carrying out the sweep of the ionic 
conductivity on the fr equency of 10Hz - 1MHz with an impedance meter, it measured by performing an impedance 
plot. 

[0031] As for the crystal structure, a rhombohedron phase did not appear by the subdopant aluminum 203, but the 
cubic was stabilized to the room temperature. The result of 800 degrees C [ which was measured like the example 1 ] 
ionic conductivity is shown in Table 2. 

[0032] In 0.005<=y<=0.02, in any case, the high ionic conductivity of 3 times was shown from value 2x10-2 of YSZ in 
800 degrees C, and, as for the crystal structure, the cubic was stabilized to the room temperature. 
[0033] In addition, although ionic conductivity decreases slightly also when little addition of Si02 is carried out as 
sintering assistant **, the relative effectiveness does not change. 

table 2 An ingredient Conductivity (ohm-lcm-1) 0.88ZrO2-0.1 15Sc2O3-0.005aluminum 203 8.9xl0-20.88ZrO2- 
0.1 10Sc2O3-0.010aluminum 203 8.6xl0-20.88ZrO2-0.105Sc2O3-0.015aluminum 203 8.3x1 0-20.88ZrO2- 
0.100Sc2O3-0.020aluminum2O3 8.1xl0-20.88ZrO2-0.095Sc2O3-0.025aluminum 203 5.7x10-2 [0034] (Example 3) 
(l~x-y) After blending ZrO2-xSc203-yAl 203 (0<x+y0 <0.16 and x> 0, y>) with the chemical composition shown in 
Table 3, it mixed enough, baking was performed for what was cast to ** let with a 20mmphi thickness of 2mm at the 
temperature of 1620 degrees C for 60 hours in air, and the ionic conductor was produced. After identifying the 
generation phase of a sample by the powder X diffraction and carrying out the sweep of the ionic conductivity on the 
frequency of 10Hz - 1MHz with an impedance meter, it measured by performing an impedance plot. 
[0035] As for the crystal structure, a rhombohedron phase did not appear by the subdopant aluminum 203, but the 
cubic was stabilized to the room temperature. The result of 800 degrees C [ which was measured like the example 1 ] 
ionic conductivity is shown in Table 3. x+y<0.16 showed ionic conductivity higher than the value 2x10-2 of YSZ in 
800 degrees C. 

[0036] In addition, although ionic conductivity decreases slightly also when little addition of Si02 is carried out as 
sintering assistant **, the relative effectiveness does not change. 
Table [ ] 3 ingredient Conductivity (ohm-lcm-1) 

0. 96ZrO2-0.02Sc2O3-0.02Aluminum 203 2.4x1 0-20.94ZrO2-0.04Sc2O3-0.02aluminum 203 3.1xl0-20.92ZrO2- 
0.06Sc2O3-0.02aluminum 203 6.2xl0-20.90ZrO2-0.08Sc2O3-0.02aluminum 203 7.3xl0-20.88ZrO2-0.10Sc2O3- 
0.02aluminum 203 7.1xl0-20.86ZrO2-0.12Sc2O3-0.02aluminum 203 2.4x1 0-20.84ZrO2-0.14Sc2O3-0.02aluminum 
2032.1x10-2 [0037] (Example 4) 

(1-x-y) After blending Zr02-xSc203-yAl 203 (0.07 <=x+y<=0.13 and 0.005<=y<=0.02) with the chemical 
composition shown in Table 4, it mixed enough, baking was performed for what was cast to ** let with a 20mmphi 
thickness of 2mm at the temperature of 1620 degrees C for 60 hours in air, and the ionic conductor was produced. After 
identifying the generation phase of a sample by the powder X diffr action and carrying out the sweep of the ionic 
conductivity on the frequency of 10Hz - 1MHz with an impedance meter, it measured by performing an impedance 
plot. 

[0038] As for the crystal structure, a rhombohedron phase did not appear by the subdopant aluminum 203, but the 
cubic was stabilized to the room temperature. The result of 800 degrees C [ which was measured like the example 1 ] 
ionic conductivity is shown in Table 4. 0.07 <=x+y<= : 0.13 showed the high ionic conductivity of 3 times from the 
value 2x10-2 of YSZ in 800 degrees C. 

[0039] In addition, although ionic conductivity decreases slightly also when little addition of Si02 is carried out as 
sintering assistant **, the relative effectiveness does not change. 

table 4 An ingredient Conductivity (ohm-lcm-1) 0.93ZrO2-0.065Sc2O3-0.005aluminum 203 6.8xl0-20.92ZrO2- 
0.075Sc2O3~0.005aluminum 203 7.5xl0-20.91ZrO2-0.085Sc2O3-0.005aluminum 203 8.8xl0-20.90ZrO2- 
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0 s 095Sc2O3-0.005aluminum 203 10.3xl0-20.89ZrO2-0.105Sc2O3-0.005aluminum 203 10.6xl0-20.88ZrO2- 
0.115Sc2O3-0.005aluminum 203 8.9xl0-20.87ZrO2-0.125Sc2O3-0.005aluminum 203 7.2xl0-20.86ZrO2- 
0.135Sc2O3-0.005aluminum 203 5.9x10-2 [0040] (Example 5) Drawing 3 is drawing showing the example of a 
configuration of the solid fuel cell of the single eel which used the ingredient of this invention. For 1, as for a solid 
electrolyte and 3, in the cell configuration of this example, an oxygen electrode and 2 are [ a fuel electrode and 4 ] 
interconnectors. nickel-Zr02 was used for the fuel electrode, and LaCr03 was used for interconnector for LaMn03 
which doped Sr as an oxygen electrode. The creation approach of a single eel is as follows. LaMn03 which doped Sr 
first is roasted to the sintered compact of the ceramics with the usual solid reaction method, and the ceramic thin film of 
a solid electrolyte is roasted at 1600 degrees C of formation with a doctor blade method on it. In addition, a fuel 
electrode and interconnector are calcinated and made from 1300 degrees C and 1200 degrees C by the single film 
sequential laminating forming method, respectively. 

[0041] Next, the example of measurement shows the effectiveness of this example. In drawing 3 , thickness of an 
oxygen electrode 1 and the fuel electrode 3 was set to 1mm, thickness of a solid electrolyte 2 was set to 0.1mm, 
thickness of interconnector was set to 1mm, and the single eel of 20mmphi was formed. The current (current density)- 
voltage char acteristic of the single eel in 800 degrees C of H2-air ambient atmospheres in case the ingredient of a solid 
electrolyte 2 is 0.88ZrO(s)2~0.1 15Sc2O3-0.005aluminum 203 is shown in drawing 4 . It is the property of the 
conventional example shown for the comparison of the curve by the side of YSZ. Thus, the cell property with this 
example better than the conventional example, i.e., the current-voltage characteristic, was acquired. When the 
ingredient of this invention was similarly used as a solid electr olyte, the whole of the cell property was better than the 
conventional example. 
[0042] 

[Effect of the Invention] It has conductivity 4 times the BE **** of this, the oxygen ionic conductor YSZ 
conventionally used by the device of the 2nd dopant although it was not able to use as an ingredient, since 20Zr02-Sc3 
system was the instability of the crystal structure although it has the highest ionic conductivity by the zirconia system 
as explained above ~ a ratio ~ And the mechanical strength to a heat cycle succeeded in obtaining the small ingredient 
of aging of hot conductivity strongly by stabilizing a cubic to a room temperature structurally. This invention makes a 
big contribution to low-temperature actuation-ization of a solid fuel cell. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) 0.88ZrO2-0.115Sc2O3-0.005aluminum 203 (b)0.88ZrO2-0.12Sc 203 X-ray diffraction pattern. 
[Drawing 2] (a) 0.88ZrO2-0.115Sc2O3-0.005aluminum 203 (b)0.88ZrO2-0.12Sc 203 Ionic conductivity. 
[Drawing 3] The block diagram of the solid fuel cell of the single eel of an example 5. 
[Drawing 4] The current- voltage characteristic Fig. of the single eel of an example 5. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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